The effects of free fatty acids (FFA), leptin, tumour necrosis factor (TNF) a and body fat distribution on in vivo oxidation of a glucose load were studied in two South African ethnic groups. DESIGN AND MEASUREMENTS: Anthropometric and various metabolic indices were measured at fasting and during a 7 h oral glucose tolerance test (OGTT). Body composition was measured using bioelectrical impedance analysis and subcutaneous and visceral fat mass was assessed using a ®ve-and two-level CT-scan respectively. Glucose oxidation was evaluated by measuring the ratio of 13 CO 2 to 12 CO 2 in breath following ingestion of 1-13 C-labelled glucose. SUBJECTS: Ten lean black women (LBW), ten obese black women (OBW), nine lean white women (LWW) and nine obese white women (OWW) were investigated after an overnight fast. RESULTS: Visceral fat levels were signi®cantly higher (P`0.01) in obese white than black women, despite similar body mass indexes (BMIs). There were no ethnic differences in glucose oxidation however; in the lean subjects of both ethnic groups the area under the curve (AUC) was higher than in obese subjects (P`0.05 for both) and was found to correlate negatively with weight (r 70.69, P`0.01) after correcting for age. Basal TNFa concentrations were similar in all groups. Percentage suppression of FFAs at 30 min of the OGTT was 24 AE 12% in OWW and 738 AE 23% (P`0.05) in OBW, ie the 30 min FFA level was higher than the fasting level in the latter group. AUC for FFAs during the late postprandial period (120 ± 420 min) was signi®cantly higher in OWW than OBW (P`0.01) and LWW (P`0.01) and correlated positively with visceral fat mass independent of age (r 0.78, P`0.05) in the OWW only. Leptin levels were higher (P`0.01) both at fasting and during the course of the OGTT in obese women from both ethnic groups compared to the lean women. CONCLUSIONS: Glucose oxidation is reduced in obese subjects of both ethnic groups; inter-and intra-ethnic differences were observed in visceral fat mass and FFA production and it is possible that such differences may play a role in the differing prevalences of obesity-related disorders that have been reported in these two populations.
Introduction
Type 2 diabetes occurs most commonly in individuals over the age of 40 and is closely associated with obesity. 1 The prevalence of both diseases is increasing within the black population of South Africa in conjunction with increased industrialisation and acculturation in Africa in general. 2, 3 Epidemiological studies have shown that the prevalence of certain obesity-related disorders differs between black and white urban women in South Africa: mortality from ischaemic heart disease is very rare in obese black South Africans (8a100 000 vs 55a100 000), 4 whilst hypertension (30 vs 15%) 5 and type 2 diabetes (7.0 vs 3.6%) 6 are more common. Therefore, a greater understanding is required of the biochemical mechanisms mediating the relationship between obesity and associated disorders within these two populations. This may allow the development of methods to limit the metabolic consequences of obesity, particularly insulin resistance.
A study using the euglycaemic hyperinsulinaemic clamp technique showed obese black South African women to be more insulin resistant in comparison with obese white women (OWW). 7 Other studies reported leptin 8 and free fatty acid (FFA) 9 levels to be higher in obese black women (OBW). Elevated levels of FFA, 10 tumour necrosis factor a (TNFa) 11 and leptin 12 have been suggested as key mediators of obesity-linked insulin resistance. Both leptin 13 and TNFa 11 have been shown to interfere with insulin receptor kinase activity and elevated FFA levels may cause hyperglycaemia by inhibiting skeletal muscle glucose uptake 14 andaor by interfering with the ability of insulin to suppress hepatic glucose output. 15 FFAs reduce glucose utilisation in muscle tissue by inhibiting insulin-dependent glucose uptake and therefore decreasing glucose oxidation. 16 ± 18 The present study was therefore designed to investigate the effect of plasma FFA, TNFa and leptin and body fat distribution on in vivo oxidation of a glucose load using mass spectrometry. Metabolic differences between black and white South African populations have only been observed in the postabsorptive and early postprandial phases 7 ± 9 and therefore in the present study metabolic pro®les were also investigated during the late postprandial phase.
Methods

Subjects
Subjects were selected from an urban population of women residing in the greater Johannesburg area according to four selection criteria which included: age, BMI, absence of any metabolic disorder and premenopausal status. The subjects were subdivided into lean (body mass index (BMI)`25) and obese (BMI b 30) groups according to WHO criteria. 19 The study group comprised of 38 women: 19 obese subjects (10 black women (OBW), nine white women (OWW)) and 19 lean subjects (10 black women (LBW), nine white women (LWW)). All subjects had normal liver and kidney function, a parity of less than ®ve children and none of the women were on oral contraceptives. Subjects with metabolic or endocrine disorders were excluded from the study. All the subjects had normal glucose tolerance according to WHO criteria 20 and the women were studied during the ®rst 10 days of the follicular phase of the menstrual cycle.
The study protocol was approved by the University of Witwatersrand, Faculty of Health Sciences Human Ethics Committee. Each subject gave written consent after being informed of the nature, purpose and the possible risks of the study.
CT scan and anthropometric measurements
After a 10 ± 12 h overnight fast, the subjects were weighed and their height measured. Lean mass (kg, %) and fat mass (kg, %) were measured using the Bodystat 1500 bioelectrical impedance analyser (Bodystat Ltd, Douglas, British Isles). 9 The bioimpedance equations used were based on the South African populations as a whole (fat-free mass (kg) aH 2 az bH 2 awt cH d age e; where H is height; wt is body mass, z is whole body impedance, and a ± e are regression coef®cients, validated by the Dunn Nutritional Centre, University of Cambridge, Cambridge, UK). Waist-tohip ratio (WHR) was measured by taking waist circumference as the midpoint between the lower rib margin and the iliac crest and hip circumference as the widest circumference of the buttock. A ®ve-level CT-scan was performed using computerised axial tomography (CT scan, Philips SR 7000, the Netherlands). The scan parameters were: (1) 10 mm slice thickness; (2) 120 kV; (3) 250 mA; (4) 2 s; and (5) 34 ± 480 mm ®eld-of-view (FOV), depending on the size of the patient. Photographic images were taken in the resting expiration. Subcutaneous adiposity was measured using a ®ve-level CT-scan ranging from the diaphragm, umbilicus, L4 ± 5 lumbar disc, widest diameter of the pelvis and midthigh (the total distance from the iliac crest to acetabulae and from acetabulae to the knee joint, divided by 2). The ®rst scanogram included the diaphragm, the umbilicus (marked with a metallic coin), iliac crest and symphysis pubis, with a maximal length of 500 mm from the umbilicus. The second scanogram extended from the symphysis pubis to knees. The widest parasagital diameter was measured at the level of L4 ± 5. The fat areas were calculated with a region of interest seeding programme on a Philips Gyroview workstation (fat values were chosen between 730 and 7130 HU). The areas of the subcutaneous and visceral fat were calculated separately, and the anatomical boundaries were as described by Kvist et al. 21, 22 Abdominal visceral fat was measured at the top three levels. 9 Oral glucose tolerance test (OGTT) and measurement of glucose oxidation and insulin resistance Each subject was given a glucose load of 75 g containing 0.5 g 1-
13
C-glucose with 99 atom% 13 C (Sigma Chemical Company, St Louis) in 200 ml of water over a 2 min period. With the subject in the supine position, an intravenous needle was inserted into the antecubital vein of the forearm, which was covered with a heating blanket to ensure arterialisation of venous blood. Blood samples were obtained at baseline, 30, 60, 120, 180, 240, 300, 360 and 420 min post-glucose load for determination of plasma glucose, lactate and FFAs and serum insulin, TNFa (only at basal level) and leptin. All the samples were centrifuged at 4 C and the supernatants frozen and stored at 770 C until analysis as a single batch to avoid interassay variation.
Stable isotopes were used in this work to determine in vivo oxidation of an orally administered glucose load and to assess the differences between lean and obese subjects. The use of 13 C-labelled compounds is widespread in biomedical research and diagnosis. 23 A number of studies have used 13 C-labelled glucose to investigate carbohydrate metabolism and shown that it is a reliable method for measuring the Ethnic differences in glucose and lipid metabolism C Punyadeera et al oxidation of glucose. 24 ± 26 In addition, this method has also been applied to demonstrate a lower glucose metabolism in type 2 diabetic patients when compared to weight-matched non-diabetic patients. 24 Baseline 13 CO 2 a
12
CO 2 values were subtracted from postprandial levels to account for differences in dietary intake of 13 CO 2 -containing foods. Breath tests were executed over an extended period of 7 h to accommodate the exogenous glucose oxidation peak between 3 and 5 h postprandially. The methodology used in this study was based on the work by Schoeller and Klein. 27 Breath samples were collected into 1.8 l Douglas bags (to minimise the diffusion of gases) before glucose ingestion and 30, 60, 90, 120, 150, 180, 210, 240, 300, 360 and 420 min after the glucose load. The CO 2 and water were separated from the exhaled breath samples by trapping in liquid nitrogen. The CO 2 was then evaporated into the apparatus while water remained trapped in a mixture of methanol and dry ice. The 13 Ca 12 C ratios of the isolated CO 2 were determined using an AEI MS-20 double collector isotopic ratio mass spectrometer. The 13 
Ca
12
C ratio of sample was compared to that of commercially available CaCO 3 standard (Analar Reagent) using the formula of Craig: 28 13 C del per mil 13 Ca 12 C of samplea 13 Ca 12 C of standard À 1 Â 1000
All the results were expressed according to an international Solenhofen standard 29 and were used as a measure of in vivo oxidation of the glucose load.
Biochemical analyses
Glucose, FFA and lactate levels were measured using commercially available enzymatic colorimetric methods (Boehringer Mannheim, Mannheim, Germany). Inter-and intraassay coef®cients of variation (CV) for glucose were 0.9 and 1.8%, respectively. Inter-and intra-assay CV for both FFA and lactate were`5%. Insulin levels were measured by enzyme-ampli®ed immunoassay (Mercodia, Uppsala, Sweden); the lower limit of sensitivity for the ELISA was 7.3 pmolal and the intra-and inter-assay coef®cients of variations were 4 and 3.6%, respectively. Serum TNFa was measured using an enzyme immunometric assay (Chiron Diagnostics, Los Angeles, USA) and leptin by a radioimmunoassay method (Linco, St Charles, Missouri, USA). The intra-and inter-assay coef®cients of variation for TNFa were 3.6 and 5.3%, respectively and for leptin were 4.7 and 3.6%, respectively.
Statistical analysis
Statistical analyses were carried out using Statistica version 5 and SPSS version 6.1 for Windows (Chicago, IL). A two-way analysis of covariance (ANCOVA) model was used to investigate the effects of BMI and ethnicity on the variables measured and to test for interactions between these factors; age was found to be signi®cantly different between obese and lean groups and was therefore included as a covariate. One-way ANCOVA was used to measure differences between means for the four study groups correcting for age in all comparisons and correcting for age and weight when comparing OBW with OWW. Partial correlation analyses were used to test whether correlation existed in any of the subgroups and in the full combined group. Differences in correlations between groups were examined using multiple regression analysis with age and weight included as covariates. Total levels of FFAs, leptin, glucose, insulin and glucose oxidation during the 7 h OGTT were calculated by measuring area under the curve (AUC) using the trapezoid rule.
The number of subjects in each study group was suf®cient to allow us to detect statistically and clinically signi®cant differences (see Results section) in the metabolic variables under investigation.
Results
Anthropometric measurements
The body composition of the two lean groups was similar (Table 1 ). In the obese subjects WHR (P`0.05), fat mass (P`0.05) and weight (P 0.05) were higher in OWW than OBW. Visceral fat area was also higher in OWW than OBW (P`0.01) even after adjusting for total body fat in a one-way ANCOVA. Two-way ANCOVA showed that visceral fat levels were higher in white than black females (F 30.0; P`0.0001) and that there was a signi®cant interaction between race and BMI (F 20.5; P`0.0001). Obese subjects were older than lean in both ethnic groups, and therefore age was included as an independent variable in all the relevant statistical analyses. In addition, the two-way ANCOVA showed the white women to be heavier than the black women (P`0.05) and therefore weight was corrected for in the multiple regression analyses. However, the major indices of obesity, ie BMI and percentage body fat were similar between the lean and obese women from both ethnic groups (Table 1) .
Glucose, insulin and lactate levels Glucose levels in LBW were signi®cantly lower than in OBW at fasting (P`0.05) and 60 min (P`0.05) and lower than LWW at 30 (P`0.05) and 60 min (P`0.05; Figure 1A ). Fasting glucose levels of LWW were lower than those of OWW (P`0.05). Total glucose levels (AUC) were lower in LBW compared to OBW (P`0.01) and LWW (P`0.01). Total glucose levels in OWW were not different from LWW (Table  2A) . Two-way ANCOVA showed that there was an effect of ethnicity on total glucose levels (P`0.05) and that there was an interaction between BMI and ethnicity (P`0.05; Table 2B ).
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Fasting insulin levels were higher in OBW compared to LBW (P`0.05) and were also higher at 420 min (P`0.05; Figure 1B ). The insulin levels in OWW were higher than LWW at 30 min (P`0.05) but lower at 300 min (P`0.05). LWW had higher insulin levels compared to LBW at 420 min (P`0.01). Two-way ANCOVA demonstrated a BMI effect (P`0.05) on total insulin (AUC) levels (Table 2A) .
Fasting lactate levels were not different between groups but postprandial concentrations ( Figure 1C ) were higher in lean than obese women with signi®cant differences at 180, 240 and 300 min (P`0.05 for all) in white women and at 180 and 240 min in black women (P`0.05 for both). Two-way ANCOVA con®rmed these results with a signi®cant BMI effect (P`0.05) on total (AUC) lactate levels (Table 2C) . The percentage lactate increase from the basal to the peak value at 60 min in the four groups were as follows: LWW, 245 AE 28%; LBW, 138 AE 12%; OBW, 156 AE 24%; and OWW, 144 AE 19%. Signi®cant differences in percentage lactate increase were observed between LWW and LBW (P`0.05) and LWW and OWW (P`0.05).
FFA levels
There was a 24 AE 12% suppression of FFA levels after 30 min of the OGTT in the OWW which was not different from that observed in the LWW (16 AE 13%) but was signi®cantly higher (P`0.05) than in the OBW (738 AE 23%; Figure 1D ) in whom there was no suppression. The percentage suppression of FFA levels in the LBW (35.8 AE 12%) was signi®cantly higher than that observed in the OBW (P`0.01). Two-way ANCOVA demonstrated a signi®cant interaction between ethnicity and BMI (F 6.3; P`0.05) on percentage suppression of FFA levels at 30 min.
The OWW had higher postprandial FFA levels at 240 (P`0.05), 300 (P`0.01) and 360 (P`0.05) min than OBW and higher levels at 240 (P`0.05) and 300 (P`0.01) min than LWW ( Figure 1D ). The LWW and LBW had similar FFA concentrations throughout the study. The OBW showed signi®cantly higher FFA values at 30 (P`0.01) and 60 (P`0.01) min compared to the LBW.
Total (AUC) FFA levels between 0 ± 420 min of the OGTT were signi®cantly higher in OWW than OBW and LWW (P`0.01 for both; Table 2D ) and a similar relationship existed for FFA levels (AUC) between 120 and 420 min (Table 2E) . Furthermore for total FFA levels between 0 and 420 and between 120 and 420 min two-way ANCOVA demonstrated signi®cant ethnicity effects (P`0.01 for both) and an interaction between BMI and ethnicity (P`0.05 for both) and for the former variable there was also a BMI effect (P`0.05; see Table 2D , E). Total (AUC) FFA levels between 0 and 120 min of the OGTT were signi®cantly higher in OBW (32.2 AE 5.9 mmolal Â min) than LBW (17.0 AE 3.9 mmolal Â min; P`0.05), but there were no differences between OWW (35.0 AE 4.6 mmolal Â min) and LWW (23.8 AE 4.3 mmolal Â min); two-way ANCOVA demonstrated a BMI effect only (F 7.0; P`0.05).
Total FFA (0 ± 420 min) correlated with visceral fat (r 0.82, P`0.05, n 9) independent of age in OWW only. 
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Late postprandial FFA levels (ie AUC for FFAs between 120 and 420 min) were the main contributors to this relationship (r 0.78, P`0.05) with no correlation found between early postprandial FFA levels (ie AUC for FFAs between 0 and 120 min) and visceral fat area.
In vivo oxidation of a glucose load There were no interethnic differences in glucose oxidation levels ( Figure 2 ). Glucose oxidation in the lean subjects of both ethnic groups was higher than in the obese subjects with signi®cant differences from 90 min onwards in both ethnic groups. Total glucose oxidation levels (AUC) were signi®cantly higher in LWW (12066 AE 336 del per mil (d) Â min) than OWW (8948 AE 702 d Â min; P`0.05) and in LBW (12457 AE 644 d Â min) than OBW (9183 AE 507 d Â min; P`0.05). Two-way ANCOVA further demonstrated the signi®cant effect of BMI on total glucose oxidation level (F 15.5; P`0.0005). When all subject groups were combined, negative correlations were observed between glucose oxidation (AUC) and weight (r 70.69, P`0.01, n 38), BMI (r 70.59, P`0.01, n 38), percentage body fat (r 70.52, P`0.01, n 37), subcutaneous fat (r 70.63, P`0.01, n 30) and visceral fat (r 70.51, P`0.01, n 30), all corrected for age. In addition AUC glucose oxidation correlated negatively with both AUC leptin (r 70.50, P`0.01, n 34) and AUC FFA (r 70.40, P`0.05, n 36) correcting for age in a multiple linear regression analysis but (black square) obese black women; (white square) obese white women. *P`0.05 and **P`0.01 for obese black vs lean black women; P`0.05 and P`0.01 for obese white vs lean white women; §P`0.05 and § §P`0.01 for obese white vs obese black women; #P`0.05 and ##P`0.01 for lean white vs
Ethnic differences in glucose and lipid metabolism C Punyadeera et al signi®cance was lost in both relationships when weight was included as an independent variable. In addition, AUC insulin correlated positively with AUC glucose oxidation in lean (r 0.66, P`0.01, n 19) but not obese women when corrected for age and weight.
Leptin levels
Fasting and all postprandial leptin levels ( Figure 3 ) were signi®cantly higher (P`0.01 for all) in both obese groups compared to the two lean groups. Total (AUC) leptin levels were signi®cantly higher in OBW (17.6 AE 2.0 mgaml Â min) than LBW (5.7 AE 1.9 mgaml Â min; P`0.01) and in OWW (15.5 AE 1.5 mgaml Â min) than LWW (4.7 AE 0.9 mgaml Â min; P`0.01). Two-way ANCOVA also demonstrated a very signi®cant BMI effect (F 22.4; P`0.0001). When all subject groups were combined total leptin (AUC) correlated with percentage body fat (r 0.70, P`0.01, n 33), weight (r 0.72, P`0.01, n 34), BMI (r 0.68, P`0.01, n 34), subcutaneous fat (r 0.75, P`0.01, n 30) and visceral fat levels (r 0.39, P`0.05, n 30).
TNFa levels
There were no inter-or intraethnic differences in fasting TNFa levels, which were as follows: LWW, 12.3 AE 1.3; OWW, 18.9 AE 4.2; LBW, 13.5 AE 0.84; OBW, 12.3 AE 1.7 ngal. TNFa levels correlated with weight (r 0.53, P`0.01, n 36) and BMI (r 0.44, P`0.01, n 36), subcutaneous fat (r 0.44, P`0.01, n 36) and visceral fat area (r 0.43, P`0.05, n 36) in the combined subject groups, correcting for age.
Discussion
The present study demonstrates that oxidation of a glucose load is greater in lean than obese women of both ethnic Figure 2 Glucose oxidation levels during course of 7 h OGTT in: (black triangle) lean black women; (white triangle) lean white women; (black square) obese black women; (white square) obese white women. *P`0.05 and **P`0.01 for lean black vs obese black women; P`0.05 and P`0.01 for lean white vs obese white women.
Ethnic differences in glucose and lipid metabolism C Punyadeera et al groups, and correlates negatively with BMI and percentage body fat. One possible explanation for these results is that the obese subjects have a larger bicarbonate pool than the lean subjects and therefore retain more of the 13 CO 2 in this pool. However, this is unlikely because a study has shown that following ingestion of 1-14 C-glucose, after accounting for bicarbonate pool size, 14 CO 2 production in obese subjects was half that of non-obese subjects. 30 Furthermore, two previous studies have shown that after an oral dose of 1-13 C-glucose 13 CO 2 breath levels were signi®cantly lower in obese type 2 diabetic patients than weight-matched nondiabetic obese subjects. 24, 31 These results cannot be explained by differences in bicarbonate pool size because the subjects were weight matched, and therefore must be due to reduced insulin sensitivity in the diabetics. This may explain the negative association between weight and glucose oxidation observed in the present study since there is a welldocumented association between obesity and reduced insulin sensitivity.
1 This is demonstrated by the ®nding that total (AUC) levels of insulin correlated positively and signi®cantly with total glucose oxidation in lean but not obese women. One interpretation of this association is that adequate glucose oxidation is maintained by insulin in subjects who are lean, but the ability of insulin to stimulate glucose uptake and hence increase glucose oxidation is reduced in subjects who are obese.
This interpretation is supported by the postprandial lactate levels which were signi®cantly lower in both groups of obese than in lean women. This may be due to higher insulin resistance in the obese subjects, leading to reduced entry of glucose into the glycolytic pathway and hence lower lactate production. 32 Similar results were observed by Lovejoy et al, 33 who demonstrated that diminished postprandial lactate appearance correlated with degree of insulin resistance. The lower postprandial lactate increase of 138% in the LBW, compared to the 245% increase in LWW, would suggest a greater degree of insulin resistance in LBW and yet glucose levels tend to be lower in LBW than LWW. Since adipose tissue is a signi®cant source of lactate in the postprandial period 32, 34, 35 whereas muscle is not, 36, 37 it may be that LBW have greater adipose tissue insulin resistance. These hypotheses obviously need to be tested but a differential degree of tissue sensitivity to insulin has previously been observed by Hansen et al (University of Maryland, personal communication) in a primate model of obesity and in studies showing that in obese and type 2 diabetic subjects the levels of glucose transporter 4 (GLUT-4) fall in adipocytes but remain the same in skeletal muscle. 38, 39 In addition, insulin dose ± response curves for stimulation of glucose uptake, suppression of glucose production and suppression of lipolysis has been shown before. 38, 39 Lipolysis is the most insulin sensitive process, followed by glucose production and only then by glucose uptake (with EC 50 's in the physiological range only for lipolysis and glucose production). 41, 42 Since failure to adequately turn off lipolysis will directly affect liver and muscle metabolism, whilst the opposite does not hold, it may be that adipose tissue will be the primary site for the defect, leading to insulin resistance elsewhere. 40 Plasma glucose levels (AUC) in LBW were lower than those in LWW, yet insulin levels and glucose oxidation rates were very similar. This may imply that, for a given amount of insulin, the LBW utilise glucose more ef®ciently at the level of muscle and liver compared to the LWW. The higher plasma glucose levels in OBW compared to LBW may be partly explained by lower glucose oxidation rates in the OBW and greater tissue insulin resistance caused by higher FFA levels, particularly during the early postprandial phase of the OGTT.
The immediate suppression of FFAs after administration of a glucose load, is primarily due to insulin's inhibitory action on hormone-sensitive lipase. 43, 44 This insulin effect was signi®cantly reduced in the OBW compared to OWW and a reduced sensitivity of isolated adipocytes to insulininhibition of lipolysis has been demonstrated previously in OBW. 45 During the late postprandial period of the extended OGTT, FFA concentrations were higher in the OWW than OBW and LWW. This may arise as a result of increased intravascular triglyceride hydrolysis by lipoprotein lipase activity (LPL) or net outward movement of FFA from adipose tissue due to increased hormone-sensitive lipase (HSL) activity or both. The possible in¯uence of acylation stimulating protein 46 in this context has not been studied in OBW. Insulin levels were similar in OWW and OBW during the late postprandial phase and as regards counterregulation, fasting catecholamine concentrations have been studied in these ethnic groups before and were found to be similar. 9 Whether there are differences in late postprandial concentrations of catecholamines is not known. Regardless of the Figure 3 Leptin levels during course of 7 h OGTT in: (black triangle) lean black women; (white triangle) lean white women; (black square) obese black women; (white square) obese white women. **P`0.01 for obese black vs lean black women; P`0.01 for obese white vs lean Ethnic differences in glucose and lipid metabolism C Punyadeera et al mechanism, higher late postprandial FFA concentrations could predispose the OWW to ischaemic cardiovascular disease. 47 If the movement of FFA into and out of adipose tissue is governed by concentration gradients that can change in direction, it is likely that FFA delivery from adipose tissue will partly be governed by blood¯ow through this tissue. 43 A recent study has shown that blood¯ow in subcutaneous abdominal and femoral fat depots is higher in black than white obese women. 9 Therefore, FFAs may be cleared more slowly from the peripheral circulation in the OWW and this may contribute to the higher late postprandial FFA levels. If this leads to the lower glucose oxidation rates observed in obese subjects then suppression of glucose oxidation should be higher in the white compared to OBW. This was not the case. It is therefore possible that OBW are more sensitive to FFA-induced inhibition of glucose uptake and glycolysis than OWW. This needs to be investigated by performing in vivo 13 C-palmitate infusion experiments in both ethnic groups. Studies have demonstrated that high FFA levels can reduce glucose uptake and oxidation. 16 ± 18 In the present investigation total (AUC) FFA levels did correlate negatively with glucose oxidation but not independently of weight. This ®nding is not unexpected, as FFA concentrations are largely in¯uenced by the amount of adipose tissue and not only insulin resistance per se.
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Visceral fat accumulation was greater in the OWW than the OBW. This is not simply a result of the higher fat mass of the OWW since one-way ANCOVA shows a signi®cant difference even after correcting for fat mass. Furthermore, in a previous study we have shown that in subjects matched for fat mass visceral fat area is greater in OWW than OBW. 8 This fat depot is known to be more lipolytically active and less sensitive to the action of insulin than subcutaneous fat 48 and total (AUC) late postprandial FFA levels in the OWW correlated with visceral but not subcutaneous fat mass. This con®rms an earlier study showing postprandial FFA levels were increased in men with high visceral fat mass. 49 Even though leptin levels tended to be higher in OBW compared to OWW, differences were not signi®cant; a previous study has shown higher postabsorptive leptin levels in OBW than OWW. 8 Leptin levels correlated negatively with glucose oxidation in both ethnic groups but not independently of weight. The data from other studies investigating the effects of leptin on glucose tolerance are contradictory. In rodents, leptin can increase both glucose utilisation 50 and insulin sensitivity; 51 other studies have shown that leptin can interfere with insulin receptor signalling 13 and does not directly affect glucose transport in adipocytes or muscle cells. 52 Leptin levels were found to correlate more strongly with subcutaneous than visceral fat, supporting other studies that showed that leptin mRNA levels are higher in subcutaneous compared to visceral fat depots. 53, 54 TNFa levels of both ethnic groups were similar with no difference between obese and lean women. This study does not rule out the possibility that TNFa may act locally to reduce insulin sensitivity.
Analysis of data from the present study by two-way ANCOVA demonstrated that levels of glucose, FFA and visceral fat area were signi®cantly in¯uenced by ethnicity and that for each of these variables interaction existed between ethnicity and BMI. Thus, the greater increase in visceral fat area and total FFA levels observed in the OWW may predispose these subjects to cardiovascular disease 4 whilst the more pronounced decrease in glucose tolerance in the OBW may predispose this population to type 2 diabetes. 6 In summary, this study demonstrates a negative association between adiposity and glucose oxidation rates and furthermore, OBW may experience suppression of glucose oxidation at a lower level of plasma FFA than OWW. The former group also have poorer suppression of early postprandial FFA concentrations than OWW whilst the OWW have higher late postprandial FFA levels than the OBW. The high visceral fat and postprandial FFA levels in conjunction with the elevated triglyceride concentrations of the postabsorptive 55, 56 and the late postprandial 57 periods may explain the higher incidence of ischeamic heart disease in the white than black population. 4 It therefore seems that in a country undergoing rapid industrialisation, both glucose and lipid toxicity play a role in the pathogenesis of the co-morbid diseases of obesity. However, different ethnic groups are not necessarily affected by both to the same degree.
